Fractionation of the ethyl acetate crude extract of the fermented male flowers of Alnus sieboldiana resulted in the isolation of two diarylheptanoids and six flavonoids. Yashabushidiol A, yashabushidiol B and naringenin were known constituents of the male flowers of A. sieboldiana while kaempferol, quercetin, pinocembrin dimethyl ether, 5,7-dimethoxy-3-hydroxyflavanone and 5,7-dimethoxy-3-hydroxyflavone were isolated for first time from the fermented male flowers of A. sieboldiana. The isolated compounds were characterized using NMR and HRMS and compared with available literature.
The genus Alnus (family Betulaceae) contains 35 deciduous tree and shrub species. The plants are widely distributed in temperate regions of the northern hemisphere and can be found in wetlands, volcanic soils, glacial deposits and sand dunes [1] .
A. sieboldiana Matsum. is a deciduous plant found on the south western coast of Japan. The roots contain Azotobacter species, which are involved in nitrogen fixation [2] . Therefore, this species can be planted in poorly nourished mountain and coastal areas to protect them from erosion. The male and female flowers emit a strong aromatic and resinous odor. A. sieboldiana has been of special interest to Asakawa's research group who studied the plant over three decades . The male flowers were reported to contain β-phenylethyl cinnamate, stilbene monomers, flavanones, flavones, 1,7-phenylheptanoids and some sesquiterpenoids [3] . The flavone galangin, isolated from the methanol extract of the leaves of A. sieboldiana, has been found to inhibit the A549 tumor cell line [4] . It is interesting to note that the whole plant, including the flowers and young leaves, even the cones, are easily infected by the white-colored fungus Penicillium sp. [5] , causing the powerful aromatic odor of both male and female flowers to diminish dramatically and finally turn unpleasant. The powerful aromatic odor was due to the presence of 2-phenylethanol [6] .
The present paper concerns a phytochemical study of fermented A. sieboldiana male flowers. From the ethyl acetate extract of the 6month-old fermented male flowers, two diarylheptanoids and six flavonoids were successfully isolated. Of these isolated compounds, the diarylheptanoids yashabushidiol A (1) [7a] and yashabushidiol B (2) [7], and the flavonoid naringenin (3) [4a, 8] are known constituents of the original male flowers, while the other five isolated flavonoids kaempferol (4), quercetin (5), pinocembrin dimethyl ether (7), 5,7-dimethoxy-3-hydroxyflavanone (8) and 5,7dimethoxy-3-hydroxyflavone (9) are biotransformation products, resulting from the enzymatic actions of the endophytic white-colour fungus. Naringenin (3) was previously isolated from fresh male flowers, but in this experiment was only isolated in a minute amount. In addition, kaempferol (4) [9] and quercetin (5) [10] were successfully isolated from the fermented male flowers for the first time. Naringenin (3) is biosynthesized in the male flowers of A. sieboldiana through the shikimate acid pathway [11a] . Flavonoids 4 and 5 isolated from the fermented male flowers in this work are hydroxylated derivatives of naringenin (3), probably resulting from biotransformation by flavanone 3-hydroxylase (E1) and flavonoid 3'-hydroxylase (E2) enzymes [11b], as proposed in Figure 2 .
In addition, three 5,7-dimethoxyflavonoids, 7, 8 and 9, were also isolated from the ethyl acetate crude extract of the fermented male flowers. These compounds have never been reported in the original flowers. We herein report these compounds as biotransformation products in the fermented male flowers of A. sieboldiana. Further treatment of fraction 9 using Sephadex, followed by normal phase silica gel column chromatography eluting with a combination of n-hexane and ethyl acetate gave kaempferol (4) (9.0 mg), pinocembrin dimethyl ether (7) (1.5 mg), 5,7-dimethoxy-3hydroxyflavanone (8) (2.0 mg) and 5,7-dimethoxy-3hydroxyflavone (9) (2.7 mg). Lastly, quercetin (5) (82.88 mg) was obtained as yellow powder isolated from the tenth fraction. 
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